Background: An investigation was carried out to find the distribution of central corneal thickness (CCT) and the association between CCT and ocular factors in a cohort of myopic Chinese adults who underwent laser refractive surgery. Methods: Medical records of 1,190 subjects (754 males) aged from 18 to 44 years (21.5 AE 3.5 years for males and 24.9 AE 5.5 years for females) undergoing myopic refractive surgery were filtered and analysed. Each parameter was stratified by gender and eye, respectively. Multi-linear and linear regressions were used to analyse the effect of intraocular pressure (IOP), period of contact lens wearing, gender, age, refractive error, mean corneal curvature (K) and ocular high-order aberration at 5.0-mm zone on CCT. Results: The mean CCT was 539.2 AE 37.8 μm in the whole study population. Males had greater CCT than females (p < 0.001), while females had greater K than males (p < 0.001). There was no difference in IOP, ocular cylinder or higher-order aberrations between genders. No interocular difference was identified either in IOP or K. Multi-linear regression model revealed that only gender, IOP and K were correlated with CCT (standardised coefficients of right eye are −0.101, p = 0.001 for gender, 0.231, p < 0.001 for IOP and −0.080, p = 0.009 for K; standardised coefficients of left eye are −0.090, p = 0.002 for gender, 0.310, p < 0.001 for IOP and −0.076, p = 0.015 for K). Conclusions: In a population of myopic candidates for laser refractive surgery, only gender, IOP and K were correlated with CCT.
During the past decade, central corneal thickness (CCT) has been wildly evaluated in the general population for its effect on the accuracy of intraocular pressure (IOP) measurements and its importance in preoperative assessments in corneal surgery. It has been noticed that age, gender, race and environmental and genetic factors can affect CCT [1] [2] [3] [4] [5] [6] and it is also affected by ocular parameters, such as axial length, 5 refraction, 7 corneal curvature 5, [8] [9] [10] and IOP 3, 5, 6, [11] [12] [13] in particular. Due to the difference of nation, area and study populations, there has been no agreement on the relationship between age, IOP, corneal curvature, refractive error and CCT.
Along with the increasing use of contact lenses, several studies [13] [14] [15] [16] have been conducted to investigate the influence of longterm contact lens wearing on CCT, which is an important parameter before refractive surgery; however, the results are inconsistent. Hoffmann and colleagues 13 and Myrowitz, Melia and O'Brien 14 found that there was no correlation between CCT and soft contact lens wearing, while Iskeleli and colleagues 15 and Sel and colleagues 16 reported that CCT significantly decreased in long-term soft contact lens wearers.
Regarding the myopic population who anticipate laser refractive surgery, very few papers have concentrated on the distribution of CCT and its associated factors. In this study, we retrospectively investigated CCT in a population of myopic candidates for laser refractive surgery. The relationships between CCT and soft contact lens wearing time, gender, age, refractive error, corneal curvature, IOP and higher-order aberrations were also assessed.
MATERIALS AND METHODS
From June 2011 to July 2013, 1,190 myopic candidates (754 males) for laser refractive surgery aged from 18 to 44 years (average 22.5 AE 4.7 years) were included in this study. Candidates who had any of the following conditions were excluded: within one week of contact lens wearing before the examination, glaucoma, suspicion of keratoconus (the topography indicates the irregularity of the corneal curvature making it not suitable for refractive surgery), clinically significant cataract (the crystalline lens has significant opacity under the slit-lamp, which may affect vision), visual acuity worse than 0.7, diseases of the fundus, any past ocular surgery which might affect the cornea and refractive parameters, and systemic or any other disease that may affect visual function.
The 
using a non-contact tonometer Nidek NT-2000 (Nidek, Gamagori, Japan). All the measurements were performed three times at least and the mean of three readings was collected. Manifest and cycloplegic refraction were assessed by Autorefractor Keratometer Topcon KR-8800 (Topcon, Tokyo, Japan) and then followed by routine subjective refraction assessment by the same optometrist. All refractive data were converted to minus cylinder form to prevent confusion during data analysis. Spherical equivalent (SE) was the sum of spherical power and half negative cylinder power. The information of contact lens wearing time and the type of lens was collected during patient interviews. Those wearing rigid contact lenses were not included in this study. The study was conducted in adherence to the tenets of the Declaration of Helsinki and an Institutional Review Board/Ethics Committee approval was obtained. All participants signed the inform consent forms. Data were stratified by gender and eye. Between-gender differences for each parameter were analysed using two-sample t-test. Paired t-test was used to compare variables between left and right eyes. Multiple linear regression and linear regression were used to estimate the correlation of age, sex, IOP, SE, corneal curvature, contact lens wearing time and wave-front aberrations with CCT. All data were analysed by SPSS 18.0 (SPSS Inc., Chicago, Illinois, USA). A p-value less than 0.05 was considered statistically significant.
RESULTS
The mean SE refraction was −5.16 AE 2.80 D in the total participants. The average CCT was 542.4 AE 33.5 μm in males and 533.6 AE 32.2 μm in females. The distribution of CCT in both eyes is shown in Figure 1 . Males had greater CCT than females (p < 0.001), while females had greater SE and corneal curvature compared with males (both p <0.001). There was no significant difference in ocular cylinder, IOP or higher-order aberrations between genders as shown in Table 1 . Time of contact lens wearing was significantly longer (t = −16.62, p < 0.001) in females (2.55 AE 3.62 years) than that in males (0.39 AE 1.62 years).
In the total study population, the mean CCT was 538.2 AE 37.8 μm in right eyes and 540.2 AE 33.7μm in left eyes and the difference was significant (t = −7.163, p < 0.001). The right eye had higher SE than the left eye, while the cylindrical power of two eyes was similar. The higher-order aberrations in the right eye were numerically lower than in the left eye but the difference was not significant as shown in Table 1 . There was no significant difference either in IOP or corneal curvature between both eyes.
The correlations between CCT and different demographic and ocular parameters, contact lens wearing time and age were analysed by multivariate linear regression. Only gender, IOP and corneal curvature were correlated with CCT (standardised coefficients of right eye are −0.101, p = 0.001 for gender, 0.231, p < 0.001 for IOP and −0.080, p = 0.009 for mean corneal curvature; standardised coefficients of left eyes are −0.090, p = 0.002 for gender, 0.310, p < 0.001 for IOP and −0.076, p = 0.015 for mean corneal curvature), as shown in Table 2 . The most significant correlation factor was IOP, followed by gender and corneal curvature. Age, soft contact lens wearing time, ocular refraction and ocular higher-order 
DISCUSSION
It is well known that CCT is one of the most important parameters for eyes undergoing laser refractive surgery, which is valuable to assess the safety of the surgery and IOP. 4, 6, 11, 12 The average CCT in our study population was 539.2 AE 37.8 μm (mean of right and left eyes). Males had thicker CCT than females, which has been reported in other population-based studies. 6, 13, [17] [18] [19] CCT of the left eye was slightly thicker (about 2 μm) than that of the right eye. The difference in CCT between the eyes was also found in studies by Hoffmann and colleagues 13 and Suzuki and colleagues. 20 Suzuki and colleagues 20 explained that the difference was caused by the asymmetry of slit beam projection of the optical pachymeter they used. In our cases, the difference may be caused by a longer time of surface anaesthesia in the left eye, as we always measure the right eye first.
There was no gender difference in IOP in our myopic candidates. Sakalar and colleagues 21 reported that IOP was lower in males than in females in a large school population, while other studies 13, 20, 22 found that IOP was higher in males in an adult population. Several other studies [23] [24] [25] found that there was no gender difference in IOP, which is consistent with our findings. The different results on IOP between genders may be due to different sample sizes, races or ages. 13 Our study was based on populations of young Chinese myopic adults, which was different from previous studies.
Although the SE was higher in the right eye and in females, the ocular cylinder and corneal curvature were similar in both eyes and ocular cylinder showed no gender difference. In a sample of healthy myopic anisometropic adults, Vincent and colleagues 26 also found a high degree of interocular symmetry for a range of anterior eye parameters, including ocular aberrations, IOP, corneal topography and biomechanics. Similarly, Goto and colleagues 27 found no gender-related differences in the astigmatic pattern in their younger subjects (less than 50 years), which is consistent with our results. Several papers have studied the gender difference of corneal curvature and produced inconsistent results. We found a higher corneal curvature in females than in males; however, Goto and colleagues 27 found no gender difference in their younger normal subjects. However, in older subjects (50 years and over) both Goto and colleagues 27 and Eysteinsson and colleagues 28 found that the corneal curvature was significantly higher in females than in males.
In our study population, the contact lens wearing time was longer in females than in males. Females also had a thinner CCT than males; however, we found no correlation between CCT and contact lens wearing time in the multivariate regression analysis, suggesting that long-term contact lens wearing might not cause CCT thinning. Our results were consistent with studies by Hoffmann and colleagues 13 and Myrowitz, Melia and O'Brien, 14 both of which found no correlation between CCT and long-term soft contact lens wearing. Iskeleli and colleagues 15 found that CCT decreased in long-term soft contact lens wear with a water content of 38 per cent compared to 55 per cent.
The correlation between IOP and CCT has been well recognised. We also found that CCT was moderately positively correlated with IOP. The result was consistent with previous research. 6, 11, 12 In our results, CCT was not correlated with age in young people aged from 18 to 44 years. The correlation between CCT and age varied among different study populations. Most studies 2, 13, 17, 25, 29 found no correlation between CCT and age, while several others 3, 6, 19, 20 found CCT decreased with age in males in one study 20 and in females in another. 3 Also, there was no consensus with respect to how CCT varied with refractive errors and corneal curvature. Our results showed that CCT was negatively correlated with corneal curvature but not refraction. Giasson and Forthomme 30 found a significant negative correlation between the central corneal curvature and the corneal thickness, as evaluated by either an ultrasonic or an optical method. Using ultrasonography, Nangia and colleagues 19 found that an increased CCT was associated with lower corneal refractive power in a large population and the results were consistent with our findings. Eysteinsson and colleagues 28 and Doughty and Zaman 11 found no significant relationship between the corneal curvature and CCT. Suzuki and colleagues 20 attributed their correlation between CCT and corneal curvature to the specular microscopic device they used. Another study 31 reported that the influence of physiological variation in corneal curvature and index of refraction caused no significant error on the corneal thickness estimates.
Our results also found no correlation between CCT and the ocular higher-order aberrations, similar to the findings of Mohamed and colleagues 32 that neither central nor peripheral corneal thickness were correlated with corneal or ocular higher-order aberrations.
In conclusion, we found only gender, IOP and corneal curvature were correlated with CCT. Males had higher CCT than females, while females tended to have a higher mean corneal curvature than males. Ocular cylinder and IOP were similar between both eyes and the two genders. CCT was not correlated with contact lens wearing time, spherical equivalence or higher-order aberrations. Our results suggest that CCT is a constant parameter in young myopic adults.
